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ABSTRACT
INTRODUCTION: Intracanal separation of endodontic instruments is an adverse event that may not only 
hinder the endodontic treatment, but may also have an influence on the long-term prognosis and longevi-
ty of the tooth.
MATERIALS AND METHODS: After studying a series of related articles and publications we have re-
viewed and compared the different conservative treatment options for the management of intracanal frac-
tured instruments.
RESULTS: Conservative management methods are leaving the fragment in situ and filling the coronal frag-
ment of the root canal, bypassing the fractured instrument or completely removing it from the root canal. 
Each of these options has its advantages, disadvantages, special indications and every treatment decision is 
accompanied by possible risks and difficulties. Each case is different and the prognosis depends mainly on 
the location of the fragment, the root canal system (RCS) anatomy and morphology and, of course, on mak-
ing the right treatment decision for managing the accident.
CONCLUSION: Separation of endodontic instruments in the root canal (RC) does not necessarily lead to 
endodontic failure and even in cases when the instrument cannot be removed choosing the adequate treat-
ment procedure can strongly benefit the long-term prognosis of the tooth involved.
Keywords: endodontic mishap, separated instrument, bypassing, removal
INTRODUCTION
The potential for instrument separation is pres-
ent during every standard endodontic treatment. 
This complication can have an enormous impact on 
the outcome of the treatment, can be an obstacle for 
the proper cleaning, shaping and definitive obtura-
tion of the RCS and can therefore be the reason for a 
future endodontic failure (1). Conservative manage-
ment of intracanal fractured instruments includes 
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procedures such as leaving the fragment in situ and 
obturation of the RCS to the coronal level of the in-
strument, bypassing the separated fragment or com-
plete removal of the instrument (2,3).
Each of the mentioned above treatment options 
has its indications, advantages, disadvantages, can 
lead to possible risks and should be considered and 
performed after careful evaluation of the exact clini-
cal situation and the related factors.
MATERIALS AND METHODS
We studied a series of related articles and publi-
cations and compared data from numerous research-
es in order to present and compare the advantages, 
possible risks, difficulties and consequences of leav-
ing versus completely removing broken instruments 
from the RC.
Results
Instrument separation can be the result of : (4)
 Improper use of the instrument (5);
 Inadequate access;
 Unusual and unexpected RCS anatomy;
 Manufacturing defects (4,6);
 Rush to use rotary instruments without creat-
ing a proper straight-line access and glide path 
(6)
 Higher breakage rate of rotary files is proved in 
cases when the root canal was not previously 
prepared with hand files (7,8);
 Not following the rule that files have to advance 
slow in the root canal, until resistance is felt (9);
 Not creating glide path to the working length 
using #10 and #15 files (9);
 Overuse of endodontic instruments (9).
The separation of endodontic files happens due 
to two different fracture mechanisms, acting alone or 
in combination – tensional stress and cyclic fatigue. 
The twisting of a file at one end, while it is fixed at 
the other end, leads to torsional stress. This can hap-
pen in straight or curved root canals, in cases when 
the friction between the file and the root canal wall is 
sufficient enough to lead to such consequences. Cy-
clic fatigue results in separation of the file when the 
cycles of tension and compression are sufficient to 
cause structural fracture of the file. In most clinical 
cases both mechanisms work together (10).
When a complication such as intracanal sepa-
ration of endodontic instrument occurs, a treatment 
decision should be considered after evaluating fac-
tors such as:
 Root canal system anatomy incl. diameter, 
length, curvature of the root canal, root canal 
morphology and dentin thickness (3,11-15): In 
general, curved canals present a higher risk for 
iatrogenic events than straight root canals. The 
higher the angle of root curvature is, the more 
difficult it gets to create a platform around the 
coronal part of the separated fragment, because 
of the insufficient dentin thickness (3).
 The stage of root canal preparation (2,3,15) is 
in correlation with the stage of disinfection of 
the root canal system. If the separation happens 
early in the endodontic treatment the root ca-
nal is less likely to be properly disinfected than 
if it happens at the end of the root canal prepa-
ration. However, some researches prove that the 
stage of root canal preparation does not make 
a difference to the long-term prognosis of the 
tooth (3).
 Potential complications and iatrogenic events 
such as ledge formations, perforations incl. 
stripping perforations, secondary separation of 
the instruments, used for the removal (2).
 Armamentarium available, such as, for exam-
ple, operating microscope, ultrasonic tips, etc. 
(2,3,11,15).
 Presence or absence or periapical pathology 
(2,15): In cases without periapical pathology re-
moval may not be necessary and the manage-
ment could consist in retention or bypassing of 
the fragment. In cases with apical periodontitis 
the tooth survival prognosis decreases, so great-
er efforts should be made towards removal or 
bypassing of the fractured instrument (3).
 Periodontal and restorative status of the tooth 
(3,16): As expected, periodontally compro-
mised teeth or cases of non-restorable teeth do 
not make good candidates for fragment remov-
al (3).
 Exact location of the fragment in the RC frag-
ments in straight root canals or only partially 
located in the root curvature are easier to re-
move (1,8,9,11-15,17,18). Separated instruments, 
Tsvetelina Borisova-Papancheva, Silvia Stankova, Slavena Georgieva
Scripta Scientifica Medicinae Dentalis, vol. 3, No 1, 2017, pp. 23-31
Medical University of Varna
25
localized in the apical 1/3 of curved root canals 
are often considered impossible to remove be-
cause of the poor visibility and access and are 
further associated with more possible risks 
(19,20). It is considered that if 1/3 of the overall 
length of the fragment is exposed, it can be re-
moved from the RC (11).
 Length of the fragment: Some studies prove 
that longer fragments are easier to remove than 
shorter ones. The explanation for this at first 
unbelievable statement is that with longer frag-
ments it is more likely to create space coronal-
ly to allow loosening of the fragment (17,18,20). 
Other studies prove that the length of the sep-
arated fragment is not a significant factor for 
the treatment decision and the tooth prognosis 
(13). On the other hand, longer fragments lead 
to more excessive dentin removal while trying 
to “loosen” or bypass the fragment, and there-
fore - a greater chance for iatrogenic events.
 Type of fractured instrument: Lentulo spirals 
and reamers have proved to be easier to remove 
according to most studies (17). But more recent 
researches show that other factors such as RCS 
anatomy and exact localization of the fragment 
have much more importance on the outcome 
than the type of instrument separated (20,21).
 Material of the instrument – stainless steel frag-
ments are considered easier to remove than Ni-
Ti instruments, because the latter tend to frac-
ture again (3,11).
 Patient factors such as time constrictions and 
motivation (15).
 Strategic importance of the tooth involved (15).
Leaving the fragment in situ and filling the 
root canal to the coronal level of the fragment was 
a treatment option, recommended before the wide 
use of an operating microscope and specialized ul-
trasonic tips (3). Although some studies proved that 
the broken instrument did not affect the tooth prog-
nosis, this method presents some disadvantages such 
as (3):
 Compromise of the mechanical and chemical 
cleansing of the RC;
 Compromise of the proper working length 
control;
 Compromise of the root canal filling;
 Can be a source of anxiety for the patient, who 
has to further “invest” in an already compro-
mised tooth.
Leaving the fragment is considered applicable if 
the separation happens at the final stages of the me-
chanical preparation and chemical irrigation and in 
cases when the fragment is located in the apical 1/3, 
beyond the root canal curvature (2,5). It is suggest-
ed  for teeth treated this way to be filled with thermo 
plasticized obturation techniques in order to better 
seal the gap between the fractured instrument and 
the root canal wall, because of the better flow than 
other techniques like, for example, cold lateral com-
paction (5).
Patients should be called for clinical and radio-
graphic follow-ups (2).
Complete removal of the separated instrument 
describes procedures of creating a gap between the 
fragment and the root canal wall, leading to loos-
ening of the impacted fragment and final removal. 
There are different techniques which can result in re-
moving the fragment from the RC.
Indications:
 When 1/3 or more of the fragment is exposed 
(11);
 In cases when good visualization is achievable 
(11,22);
 For fragments located before the root canal cur-
vature (11);
 For fragments located in the coronal 1/3 of the 
RC (11,19,22);
 For fragments located in straight canals (11).
Advantages (3):
 Improves working length control;
 Makes mechanical preparation and chemical 
cleansing of the RCS possible;
 Makes proper obturation of the RCS achievable.
Risks and disadvantages (11):
 Ledge formation;
 Additional preparation and excessive dentin 
loss are required (3,22); 
 Possible stripping perforations (19);
 Possible extrusion of the separated fragment 
apically or through the apical foramen (19);
 Can result in weakening the root structure and 
vertical root fractures (19,22);
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 The files, used to remove the fragment, can sep-
arate themselves.
Difficulties (11,22):
 Creating straight access to the fragment in or-
der to achieve proper visibility; 
 Not suitable for separated instruments apical to 
the curvature of the RC;
 Not suitable for fragments in the apical 1/3 of 
the RC (19).
Techniques for removal:
 Use of chemical solvents – use of EDTA to soft-
en the root-canal-wall dentin around the frac-
tured instrument (2).
Use of mini forceps, for example Endo Forceps 
(Roydent, Johnson City, TN) (Fig.1), in cases when 
there is enough space in the RC and the fragment is 
in the coronal 1/3 or extends into the pulp chamber 
(2,3).
Use of hypodermic surgical needles (Fig. 2) – 
the technique involves a shortened hypodermic nee-
dle to create a groove around the coronal part of the 
fragment. This groove can be created also with ultra-
sonic tips. Strong dental cement or glue can then be 
inserted into the needle and the whole complex nee-
dle-glue-fragment can be carefully pulled out. In cas-
es when glue or cement cannot be used, an H-file can 
be applied through the needle and after good inter-
locking between the fragment and the H-file – both 
are pulled out (2,23).
A disadvantage of the technique is that it can-
not be used in curved root canals. Some authors de-
scribe applying the Tube-and-Hedstroem file meth-
od as an option in cases when the ultrasound tech-
nique does not work (21). The surgical needle is re-
placed with a microtube. The exact technique in-
volves choosing the correct microtube that could 
reach the exposed coronal part of the fragment. H-
file is selected and inserted into the microtube and 
passed down the length of the tube until tight con-
tact between the fractured segment and the internal 
lumen of the microtube is achieved (11).
 Using Masserann instruments (Fig. 3): The 
Masserann kit consists of 14 hollow cutting-end 
trephine burs, ranging in diameter, and two ex-
tractors. The burs are used in counterclock-
wise direction to create a groove around the 
coronal part of the fragment. The large diame-
ter of the extractors requires removal of a large 
amount of dentin, which results in weakening 
of the tooth and may lead to iatrogenic perfora-
tions and fractures (2). The extractors are sug-
gested for use in anterior teeth and straight root 
canals (1).
 Extractors, for example the Cancellier Extrac-
tor Kit (Sybron Endo, Orange, CA), have been 
developed as a modification of the Masserann 
Fig. 1. Endo Forceps (Roydent, Johnson City, TN)
Fig. 2. Hypodermic surgical needle
Fig. 3. Masserann instrument kit
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instruments kit. Each extractor has its corre-
sponding bur that creates the platform around 
the coronal part of the segment (2). Restric-
tions exist for the use of the burs – they should 
only be used in a straight part of the root ca-
nal. When adhesives are used, extractors can be 
very effective, especially in cases when the frag-
ment is already loosened. However, too much 
adhesive can lead to blockage of the RC, and the 
excessive dentin removal – to perforations and 
weakening of the tooth (24).
 Ultrasound technique: Ultrasound is used in 
endodontics not only for gaining access, clean-
ing and shaping of the root canal, removal of in-
tracanal materials and apical surgery, but also 
for the management of separated instruments 
(25).
The successful removal requires access to the 
separated fragment, which can be created with hand 
files. After shaping the canal, ultrasonic technique 
can be used to remove the broken instrument. In or-
der to assure enough space lateral of segment a modi-
fied Gates Glidden (GG) (Fig. 4) is used to create a cir-
cumferential platform around its coronal part. This 
procedure is followed by ultrasonic instrumentation 
– the tip of the selected instrument (Fig. 5) is placed 
in the obstruction zone and activated within the low-
er power settings which results in sanding away den-
tin and loosening of the instrument. The point of an 
ordinary GG is modified by cutting it perpendicular 
at its maximum diameter (Fig. 6). As the right GG 
for this procedure is considered the one, whose max-
imum diameter is slightly larger than the diameter of 
the separated instrument (1-3,11,25).
The technique with modified GG and ultra-
sound tips and files is the most commonly reported 
technique, used for the removal of separated instru-
ments (3,12).
Fig. 4. Modified Gates Glidden (GG)
Fig. 5. Ultrasonic tips 
Fig. 6. Modified Gates Glidden (GG)
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 File removal system – this system was devel-
oped by Teranchi et al. and consists of 3 steps 
and is claimed to lead to removal of the frag-
ment with minimum dentin loss.
Step 1 – usage of two low-speed burs – cutting 
burs A and B;
Step 2 – an ultrasonic tip is used to create a plat-
form around the fragment;
Step 3 – a file removal device is used to mechan-
ically engage and pull the fragment out (2,26,27).
Bypassing describes a procedure, in which a 
file is inserted between the separated instrument and 
the root canal dentin until achieving full working 
length. The fragment remains “in situ” and is later 
incorporated into the root canal obturation material. 
This method is considered favorable in many clini-
cal cases because it is more conservative and requires 
less excessive dentin removal (20,28,29).
Suggesting the bypassing procedure is based 
on the fact that none of the root canals are perfect-
ly round, so there is always a small gap between the 
root canal wall and the fragment, which allows a 
smaller file to bypass the separated fragment. Leav-
ing the fragment in situ and bypassing it with a hand 
file along with filling the RC with thermo plasticized 
gutta-percha improves significantly the prognosis of 
the tooth (5).
Indications:
 For fragments located in the middle or apical 
1/3 of the RC (2,5);
 For fragments beyond the curvature (2,5);
 After failure of a previous removal attempt;
 In cases when perfect visualization and straight-
ening of the RC cannot be achieved or would be 
too structurally invasive (5,11,22).
Advantages:
 More conservative procedure than the com-
plete removal of the fragment (20,28,29);
 Less invasive (18);
 Relatively simple procedure (5,18);
 Often results in complete removal of the frag-
ment (5,13,21,29);
 Allows achieving full working length, prop-
er preparation, irrigation and obturation of the 
RCS.
Risks:
 Possibility to create a false RC, parallel to the 
original one (2,21);
 Ledge formation (2);
 Possible perforations (6, 21);
 Possible secondary separation of instruments 
(2);
 Possible fragment extrusion trough the apical 
foramen (2,6, 18).
In many cases the bypassing procedure can be 
considered an initial step towards removal, because 
often the initial bypassing results in complete loos-
ening of the fragment (2,5,13,21).
Techniques for bypassing an intracanal sepa-
rated instrument:
Canal Finder System: This is a system that as-
sists the bypassing of the fragment. The original sys-
tem (FaSociete Endo Technique, France) consisted of 
a handpiece and specially designed files. The system 
produces a vertical movement with amplitude up to 
1-2 mm, which decreases when the speed increases. 
The original system has been replaced later by Endo-
Pulse System (Endo Technic, CA) (Fig.7), which con-
sists of files, used in vertical reciprocation (2).
Ultrasound technique: The successful bypass-
ing starts with creating access to the separated seg-
ment. Shaping of the RC above the obstruction is fol-
Fig. 7. EndoPulse System (Endo Technic, CA)
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lowed by evaluation of the  broken instrument diam-
eter and the one of the root canal - in cases when the 
space lateral to the fragment is not enough to place 
an ultrasonic tip or a handfile a circumferential plat-
form around the coronal part of the instrument can 
be created using modified GG. This can be followed 
by creating space at one side of the fragment using 
ultrasonic tips. The final bypassing is performed 
with handfiles (K-files ISO 8/10) until achieving full 
working length. Ultrasonic files (Fig. 8) can be used 
to create a thin space between the dentin of the RC 
and the fractured instrument in order to make the 
bypassing procedure possible.
The bypassing method and the complete re-
moval of a separated endodontic instrument both 
require good visualization. Studies prove two times 
greater success of the management when the frag-
ment is visible inside the RC (30). The use of oper-
ating microscope, which assures direct and illumi-
nated visualization of the coronal part of the instru-
ment, is considered essential (3). Different studies 
prove higher success rate in removing the fragment 
with the use of a microscope (13,21).
DISCUSSION
Procedural errors in endodontics can happen 
during every endodontic treatment. They can be the 
result of factors over which the operator may or may 
not have control (9).
Management of separated instruments is a 
complex problem that should be solved in every clin-
ical situation according to the specific related factors. 
The fractured instrument itself is not a reason for 
endodontic failure, but the results of the separation, 
such as blockage of the RC and creating an obstacle 
for the proper instrumentation, irrigation and obtu-
ration may compromise the long-term prognosis of 
the tooth involved.
Separated instruments can be handled conser-
vatively or surgically. The conservative methods such 
as leaving the fragment in situ and filling the RC to 
the coronal level of the instrument, bypassing the 
segment or removing it from the RC are considered 
favorable and preferred whenever possible.
The main determinant for removal of the sep-
arated instrument is the location of the fragment 
in the RC and its relation to the root curvature (9). 
Complete removal of the fragments is considered 
possible when 1/3 or more of the fragment is exposed 
(11), in cases when good visualization is achievable 
(11,22) for fragments located before the root canal 
curvature, in the coronal 1/3 of the RC (11,19,22) and 
in straight root canals (11). Removal of the separat-
ed instrument is accompanied by risks of iatrogenic 
events and disadvantages, such as possible ledge for-
mation, stripping perforations, possible extrusion of 
the separated fragment apically or through the apical 
foramen (19), requires additional preparation and ex-
cessive dentin loss (3,22) and therefore can result in 
weakening the root structure and vertical root frac-
tures (19,22).
The bypassing procedure is considered more 
conservative and less structurally invasive because 
it does not require such excessive dentin removal 
from the root canal wall. It is a relatively simple pro-
cedure (5,18) that often results in complete removal 
of the fragment (5,13,21,29) and allows the achieve-
ment of full working length, proper preparation, ir-
rigation and obturation of the root canal system. It 
also presents the same risks of iatrogenic events like 
the removal procedures in addition to the possibility 
to create a false RC, parallel to the original one (2,21).
Leaving the fragment in situ is considered an 
adequate treatment option only in cases without 
periapical pathology and for fragments located in the 
apical 1/3 of the RC (2,5).
After careful evaluation of the clinical situation, 
prognosis and restorative status of the tooth the op-
erator should make the management decision – to re-
Fig. 8. Ultrasonic files
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move or to leave the fragment in the root canal, while 
keeping in mind that the successful treatment should 
not be limited to simply removing the fragment, but 
should focus more on preserving the long-term in-
tegrity and longevity of the tooth.
CONCLUSION
Instrument separation can happen even if the 
instrumentation protocol was followed precisely (22). 
The decision for conservative management to bypass 
or to completely remove the fractured instrument 
should be made after careful evaluation of various 
factors, such as root canal system anatomy and mor-
phology, exact location of the fragment, presence or 
absence of periapical pathology and armamentarium 
available. No standardized procedure for the suc-
cessful management of separated instruments exists. 
The clinician should consider all the related to the 
specific clinical situation factors in order to make a 
balanced decision – possible success against poten-
tial risks
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